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. PASSIkE TESTING AT LOS ALAMIS*

1
by

J. Douglas Balconb, Robert D. McFarland and Stanley H. Moore
Los Alamos Scientlflc Laboratory

Los Alamos, NH 87545

ABST’hACT

Tho testing program directed t~rd the evaluation ofpasslve
solar heating concepts Is described. The Los Alams Scientific
Lab~rato~ ls~nt~ring 15 passive solar heated buildtngs. all
In the private sector, and all but one In northern New*xico.
Thepurposa Is to evaluatea wide varietyof passive solar heat-
Ing concepts under similar conditions. The build!ngs are de-
scribed, but few results ara yet available. Results from
passive solar heated test rooms at Los Alamos are presented.
Ofa total of 14 test rooms, data are presented for nine, for
both a sunny day and a cloudy day. These include * water
walls; five Tromba walls, one vanted and the othe= unvented,
one plaln; two with night Insulation, Bedwall and night shade;
and onmwithmltiple glazings; twc direct gain rooms, one plain

----- --- and one with a thrae-layar roll-down shade; and an air convective
loop. The characteristics of the rooms are described and ten-
tatlve conclusions are drawn from some of the data.

rheLos Alams Scientific Laboratory is conduct-
Ingatest programon passive solar heated build-
Ings. Thfs Is part ofa larger evaluation ef-
Fort which has theovarall objective of develop-
ing a quantitative basis for design.

rheLASL passive program consists of two major
elements: the acquisition of data from actual
~cupled passive solar heated buildings. and the
testing of specific passive solar heated el-
enta in test rooms atLos Alams. Amajorpur-
pose of both programs fs to provide quantitative
data against which to test the valldlty of math-
smatlcal simulation techniques used to predict
the~tfonasnceof these systems. A previous
paper provides an ●xample of the comp#ison
taken for two assive test rooms during a parlod

$of January 197 . Data takenon a Trunibe wall
nnd awatsr wall test raom were shown to be In
excellent agreenmnt wtth a mathemtlcal nmdel
basedon a themal network analys’J approach.

I
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LASL has instrumented 15 different passive solar
heated buildings and has obtained data from each.

‘All but onanf these buildingsis Innortnern New
:Mexlco, the exception being the Ooug Kalbaugh house

in Princeton, New Jersey. The buildings represent
a wide variety of passive solar heating approaches.

,Installed Instnmmntation consists of thermocouples
to masure temperatumo a pyranometer to masure

~solar radiation, and an anemometer and wind vane to
measure wind velocity and direction. Two typas of
data acquisition sy;tanm F:ve been used. In tha
original installati~ns. .ata wore recorded on a
16-channel chert recorder. The reca’derwas con-
trolled by a palrof timers which nsulted In a
data point plotted once each hour for each of the

:16 channels. The”polnts are digitized by hand for
a few selacted periods. Data were taken in this

,manner Grt seven buildings during thewlnter of
-. - . .. .- . . . .. ...- - ---- ---- ---- ---- ---- ---- -.---q

‘Hork perfonnad under theausplces of theU. S. Uep&ant of” Energy. R60 Branch for Heating & Cooling,
Offlca of the Assistant S@cmtary for Conservation and Solar Energy.

I iJ..D..Balcti._.—
Paper #4, Pdgo 1
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1976-77. Although the method is cumbersome, the
Inforn?ationobtained proved to be very revedling
and worthwhile..

Beginning in Decemberof 1977, nine 40-channel di-
gital data acquisition systems were installed.
This allowed fo~ automatic processing of data with
intermediate storageon tape cassette and sub-
sequent playbac!:.

Examples of data taken by the 16-point chart re-
lcorder are presented in a paoer b) Doug Kelbaugh
{in these proceedings. Examples ofda~a taken by
the digital data acquisition system are given im
a paper by Balcon??entitled, “State of the Art”
land another paper by Bruce Hunn entitled, “A

.

iHybrid PassivejActi~ieSolar House: First”Year
lperfo~nce of the Hunn Residence.” Althouqh
voluminous data have been taken and Dlotted. de-
tailed evaluation is a long process which has -
just begun. Some of the conclusions reached to
date are presented In the three papers mentioned.

LASLTEST ROOMS

TheLASL test rooms dre small 40 sq ft fram
structures where passive solar heattng elements
can be tested under carefully controlled con-
ditions. To date, the test raoms have been
operated without any auxiliary heating, that is
in a “free running” nmde.

The entire 10 ftx 5 ft south-side of each test

I

I

~?revent overheating. The principal purposeof the~
‘test rooms is to provide comparative data between i
!two different approaches under identical Jperating ;
conditions and also to provide d.ta which can be i
‘used to validate the mathematical simulation models!
for the various passive approaches. /

~Care should be taken in direct comparisons of the !
lresu?tingedata presented. Normalizing of the phy- :
sical variations shown in Table I must be completed
!before a true detailed comparison can be made. ,

IS Concrete
Trombe Wull
. ..+...-..;.- .

12’IXome!er
VerticalTank
WolerWall

@@@a

TygcalcalWdl

,

!Fig, 1. “Ian viewof Passive Test Rooms.
I

‘INSTRUMENTATION AND OATA ACQUISITION
I
Temperatures in the test rooms are measured with

room.fs-glazed to provfde-for solar cctllection.-“chromel/alumel thermocouples-connected throuah a ‘“;
(Exceptions are a small thennosiphon air heater ‘reference junction to a Hewlett-Packard data ac- s
test and two roof aperture, roof pond tests ,quisition calculator. The results are stored on ~
which-have yet to be installed.) Except as noted, cassette tape and subsequently transferred to mass ! d

starage in the LASL central com~utina facilitv. :the glazing is two sheets of 1/8 in. Plexiglas.
(Plexiglas is used instead of glass as a safsty
precaution.) The calstruction of the test roans
Is 2 x4 frame with fiberglass batts in the
cavities and with one inch of foam insulation
on the inside. The construction was chosen to
minimize the thermal mass effect of the building
structure In order to provide least confusion in
Interpreting the results of the passive elements.
For convenience, the test rooms are built ir ad-
jacent pa{rs as shown in the plan view of Fi9. 1.
The overall thermal conductance of the test room,
not Includin the south facatieor the comnan
wall, is 11.: BTU/hr/°F orO.23 PTU/hr/eF per
square foot of south glazing. Due to the large
ratio of glazed area to thermal load, the rooms
are very :teong!y soar heated in the mld-
tiintermonths, generally running 50 to 70”F
above the ave~age out.sideambient temperature.

The test raom behavior is not intended to be
strictly representative of the expected be-
havior of passive solar homes or buildings. An
occupied buflding would generally be operated
with an auxiliary heat source to maintain a
minimum temperature and winter ventilation to

kleatherdata taken at the same kite include h~ri- ;
.zantal, 45°, and vertical-south solar radiation ;
;measurements made with Eppley PSP, 8-48, and QZ
photovoltaic pyranometers, wind direction and 1
,veloclty, and wet bulb temperature.

‘Of the 14 test rooms which have been built, 8 have
been used to test thermal storage walls, two to
test direct geln, two to test convective loops, and
two will be used to test roof ponds under sauth
‘roof apertures. I

:TEST Roof! RESULTS
I I
Data taken on a water wall and a Trambe wa?l, both
‘vented and u vented, have been published in a pre- I
iVIOUS paper.f Data have been taken continuously :
through 1977 and up to the present time. During ~
Ithis Interval manyof the cells were being corn- !
,pleted and instrumentation installed. Thus the
‘most complete information is that obtained recently’

,A particularly interesting test period occurred i
‘during late February and early March. The solar
lradiatlon and temperature data for thfs period are

J .J

-—- --- -—- -—- --- .-. -
I
I J. D. Balcomb

PaDer #4, Paae2
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TABLE 1

LASL TEST R50M CHARACTERISTICS

Water Wall, 19” tubes 45.4 41.4 43.0 3310 3310 2 1/8” Plex. 1“

Water Wall, 12” tubes 46.4 29.6 30.9 1500 1500 2 “ 1n

TronibeWall, vented 47.0 37.5 39.8 6400 1280 2 “ 1,,

Solid Wall 40.9 37.8 42.1 6950 1400 2 1/4” Plex. 3-1/2”

Solid Uall, with Beadwall 40.9 37.8 42.1 6S50 1400 2 “ 3-1;2”

Solldldall, with Night 45.9 39.4 42.1 6950 1400 2 1/8” Plex. 111

Shade

Solid Uall, Multiple 36.4 35.0 42.1
Glazings

6950 1400 1/8” Plex. ;;
i .001 Tedlar

Thennocrete Mall 46.1 44.7 46.3 1570 -- 2 1/8” Plex. 1“

Direct Gain 45.7 45.7 143.0 8500 1700 2 “ 1“

Direct Gain, Insealshaid 45.8 39.8 139.6 8300 1680 2 1/8” Plex. 1,,

Convective Loop 45.0 45.0 ..* 2500 2500 2 1/8” Plex. 1“

Fig. 4 LASL WEATHER

an

So

40

20

0

l~,PERIOD#l~= I=EBRUARY -MARCH1Q78 F
PERIOD82-’

‘shown In Fig. 2. Out of this period, two separate
time intervals have be~n chosen for presentation.
The interval labeled “Period 1“’is toward the end
of P sequence of sunny days during which the data
‘repeatIn a periodic diurnal fashion. The in-
terval ,narlfed“Perfod 2“ is toward the end of a
sequence of mixed weather. There ws snow all
~ay March 1. By studying these two intervals
~t Is possible to compare test rooms under both
clear-day and cloudy-day cond~tions. on sub-

I

equent data plots, the two time periods are
~oul.Plotted..adjacent,deleting .the three-day. –

I
i

interval Inbetween. Comparative data are shown in
Flqs. 3 through 11, with the conclusions and txm-

ments described in the figure captions. The case
of a 16 In. solid concrete wall (unvented Trombe
wall) Is shown on each fiqure for comparison. This
room has qood performance and has the least tem-
perature swing of all of the rooms tested. Thr!
plots show globe temperature measured irIthe cen-
ter of the worn. Specific characteristics of the
rooms are given in Table 1. I

I

I

..___---J----------—----—----
I
I J. D. Balcomb
I Paper #4, Paqe 3
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WATER WALLS had mre mass. to effective v store some of this
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Fig. 3. Hater Wal 1s. The room with 19 in. water
tubes has the highest average temperature of all
the test rooms, although tne swing is somewhat
greater than that of the solid wall. The water
is contafned in three vertical cylindrical fiber-
glass tubes 9.3 ft high with a total noon-time
subtended collection area of 41.4 sq ft. The 2 in.
spaces between each tube afld between the tubes
and the side wall are blocked with 2 in. styro-
.foam pieces caulked around the edges.

extra heat, t~en the vents w~uld be useful. They
are also useful for a situation of low solar heat-
ing fraction where excess heat during the day can
be fully utilized. In a strongly solar heated,
lightweight frame structure such as the test rooms,
the vents seem to be a disadvantage since they
tend to increase the temperature swing without
increasing the minimum nighttime temperatures.

,
~~e total subtended frontel area of the four 12 I

;In.water tubes is 29.6 sq f?. After February Fig. 5.
23 the styrofoam blocks were r~ived from the

Night Insulation. Insulating the glazing

12 in. water tube room. As had been noted dur-
at night is expected to have a large beneficial ef-
fect in cold climates.

,lngth& previous winter tests, the swing in the
During the test periods

shown here, the nighttime temperatures were not
water wall room is rester than that in the un-

? and the minimum nighttime
severely low and thus the effect of the night in-

‘ventedTrombe wall, sulation is not especially pronounced. Two types
temperatures are comparable for the two cases ““ -
for comparable thermal storage. The performance

of night insulation were employed. The insulation

,increaseassociated with the larger water mess in
was Put in place at 5:00 r).m.each evenina and re.

the 19 in. tubes is pronounced.

MSLTE$TROOMSO EFFECTOFVENTS

:: ,=:~ ~18’*CONCRHEWALLS

6 .

40 :w~x

.!
e a ,

FSB24 I Ml MAR2
1078

Fig. 4. Effect of Vents. Two nearly identical
Trombe walls operated with and without thenno-
clrculatlon vents show a dramatic dif%rence. The
effectof the thermocirculation Is to heat the alr
In the room quickly during themornlng.. Thus the

L
emperature swing is much greater than In the

omwfthout the vents. Thennoctrculatlon is use-
ful if the room needs heat during the day, other-
@sejt ten@ to overheat the room._ [~ the_room_----- .--, --

● L
II J. D. Eialcomb
I Paper #4, Page4 J

moved at 8:00 a.m. the foilowing morning.’”Two night
insulation schemes were tested, both proprietary
products. A pair of “Beadwalls” were purchased
from the Zomeworks Corp. and installed by David
Harrison. In these Beadwalls, styrofoam pellets
fill the 3-1/2 in. space between the two glazing
sheets at night and are removed during the day. An
aUtOIMtic system for doing this, utilizing a vacuum
cleaner nmtor and associated valves and controls,
came as part of the Beadwall package. It has oper-
ated very satisfactorily. In one of the BeadWall
rooms, the space was left opened”at all times during
the test period; this ~Om “/s the reference roOm,
labeled 16 In. solid wall on each plot. Of all of
the test rooms, these two are the most nearly ident-
ical except that one Is cperated with Beadwall and
the other without. It is interesting to note that
during an earlier test period in late September,
with the Beadwall operated in a sunsnermode (that
1s, with the wall closed In the day and open at
night), the Beadwall room operated 25°F cooler than
the room without the8eadwall, showing a larger dif-
ferentlal benefit In sunsnerthan in winter.

1“
A second n{ght fnsuiatlon system Is a roll-down
nfght shade made of four layers of reflective cloth.

~!~ !~$% 1! these proceed7ngsO_ ,? f’s designe$ wf~h
ade is describ d in a se arate pap r

— - .. -. - — .. - .. .. .
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- r–small vents on the bottom and will a~’somatically LASL TEST ROC)MS, THERMOCRETE

inflate when lowered to provide a space between
each layer. A U-track on each side provides an
Iedge seal. The bottomof the shade rests against
:the floor to provide a bottom seal. The perform-
ance of the night shade seems comparable to the .
:Beadwall during sunny weather but is slightly
~inferior during the extended cloudy period. The
measured IR emittance of the outer layer is
0.373and for the inside layers it is 0.C?3.

LASLTt=STROOMc ~ULTIPLE GLAZINGS TEST

:]~;w~:

l*SOLIOCONCKE(EVJALL: MULTIPLE

k~+.

: PLEXIJLAS )}}) ‘v’~u

$LAYERSOFTEOLAR

:

‘“W

)
I

40 t
I
I

1.
AMeleMr

I
I

ms24 . MAR2 MAR3
1:7s

\Flg. 6. Multiple Glazings. In one unvented 16”
Trombe wall test room the rear sheetof Plexi-
glas was replaced with four layers of Tedlar.
,The Tedlar has a solar transmissivity of 94%.
‘The lower perfonrranceof this test room as com-
“pared to the reference room Is attributed prim-
arily to the high infrared transmissivity of
the Tedlar, as compared to Plexiglas or glass.
Amajor partof the heat flow is by infrared
:radiation and this is less effectively inter-
rupted by the four layers of Tedlar than by a
‘single layerof Plexiglas. This disadvantage
:is apparently not balanced by the reduction in
‘convection due to the many layers. Unfortun-
;atel~, this comparison is clouded by the fact
!that the aperture of the Tedlar room is some-
;what smaller than that of the reference room.
~In orderto install the Tedlar, a 4 in. stripe
iaround the perimeter was masked and therefore
~not effective solar collection area. This dif-
~ference fs noted in Table 1.

;Future plans call for testing of “solar mem-
~brane;” a proprietary product manufaci.<redby
!Suntek Corporation. The advantage of the solar
!membrane is a low infrared transmittance with a
solar transmittance greater than that of Tedlar.

120 . , I ,

+-omcimcmswd

: :&

1
4“SUNTEU’”THERMOCRETE’’WAU 1

I
I

i

40 :Wlx. AM91ENT

Fig. 7. Phase-Change Wal1. A thermal storage wall
of phase-change material was constructed from
blocks manufactured by Suntek Corporation. This
material is called “Thermocrete” and is being de-
veloped at the present time. The blocks used in
the test room were purchased by LASL for this pur-
pose. The blocks measured 8 in. by 16 in. by 4 in.
and are made of a porous, low-density concrete
coated on the outside with epoxy to make them water
tight. The pores in the concrete are filled with
a phase-change solution by evacuation of the block
through a hole, inhalation of the solution through
the hole, and then sealing off the hole. Consider-
able difficulty has been experienced with leaks in
the blocks. (The data shown were taken prior to
much leakage.) The blocks were stacked to make a
4 in. thick wall and the cracks between them sealed.
The theoretical latent heat of fusion of these
blocks should make them equivalent to a 24 in. con-
crete wall in thermal capacity. The best blocks
manufactured by Suntek have demonstrated this ther-
mal capacity in their tests. However due to dif-
ficulties in quality control, the blocks shipped
to Los Alamos have about half this heat capacity,
accordinq to tests done at Suntek.2

The phase-change material used is a salt hydrate,
calcium chloride hexahydrate (CaC1.6H2Q) which has
a melting point of% 80°F. However, the effect of

-encapsulating the salt hydrate in the porous con-
crete is to smear the phase-change over a tempera-
ture band of about 150F.2 This should explain why
iIplateau is not observed in t;letemperature pro-
‘file each time the value swings through 80”F.
Temperatures measured within the wall also show no
temperature plateau,

.fhese data indicate that a higher heat capacity
should be obtained in order to benefit effectively

,-

--—- ---- ---- ---- --—- —--— ---- —-- ----- --
I 1

:froma phase-change material, either by using a
thicker wall or by obtaining a much higher heat ,

Icapacity within the 4 in. wal”l.

I

I

I

L-; J. 0. Balcomb
Pdper.#4..Page 5——.—— I
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LASL TEST ROOM? DIRECT QAIN -
—.

‘T;’rj
t DCUB;E ~zfD

;Iig. 8. Direct Gain. Deta taken on two dfrect-
. gain test rooms are compared with the solid 16

In. concrete wall. In each of the direct-gafn
~rooma the floor, the two side walls, and the
‘back wells are covered wfth solid concrete

blocks stacked to fotma wall 5-1/2 in. thick.
The side and back walls were not stacked to the

‘roof llne but to a height which would assure
that all of tho direct gafn sun entering the
room would shine on a concrete surface. The
mess Is 222 greeter than that of the themal
storage wall room. The exposed concrete sur-
face is 3.1 times greater than the solar aper-
tureof the roan. The colorof the concrete
blocks was left, natural cement. The measured
solar absorp~ance and IR emittance values are
0.75and 0.90, respectively. The globe temper-

‘ature measurements made in the rooms are at a
helghtso that the globe is not directly lit
by the sun.

Temperatures measured on the surface of the con-
crete and at the rear surface of the concrete

indicate a 2.0 hour time lag between the direct
heatingof the surface and the arrival of that

.heatat the back face. Data taken in the side
:walls and floor show no surprises; the tempera-
tures paak strongly for those surfaces which
are in the direct sun at the tfme of their il-
l~imitlon and show nwch less pronounced heat-
ing atothertinms. Interpreting these results
is sanewhat clouded by the fact that the room
temporeture swing is so large.

Generalizing ftim data taken in a dtrect-gafn
room is ●xtremely difficult. The thennel stor-
aae wall rooms are relatively easy to interpret

The curve msrked direct-gain 1s a plain, double-
glazed direct-gain situation. 1

1
I

“Insealshaid” is a special proprietary product “
mede and m?rketed by the Ark-Tic-Seal Systems. Inc.
It was purchased by LASL especially to fit the
large 5x 10 ft~pening. It consists of three lay- .
ers of flexible material nmnted in an aluminum
frame so that the layers can be easily rolled from
the bottom up to the top. The purpose of the shade
is to provide the room occupant a degree of control
over the lighting level and the heat loss of the
room. In the LASL tests the shade was used with
two layers ofmeterial, a clear layer ofliylar, and
a nearly opaque layer of Nylar permanently covering
the opening. The device is fixed with small open-
ings on the bottam and top so that the solar he~t
absorbed in the second layer will be themally con-
vected into the room. Dampers at the bottom and
top close automatically to prevent reverse .hemo-
circulation at nf$ht. The third layer has an in-
frared reflective coating on the inside surface.
During these tests this layer was operatad twice
each day in order to cover the window during the
night and be open during the day. The times of
opening and closing were the same as for the Bead-
wall, at 8:00 a.m. and 5:00 p.m. LWing nmst of
February, the shade had been operated without ad-
ditional mass in the room and temperature swings
wre extreme. Two days prior to the beginning of
the first test period. concrete blocks were placed
in the test room identical to the direct-ga+fl room.
The data are not shudn for the first day because
the rooms had not yet come into equilibrium. The
mom with the Insealshaid provides performance
comparable to that of the direct-gain room, but Q

without the intense internal lighting levels as-
sociated with unimpeded direct sun. It Would seem
that the decreased heat losses at night associated
with the IR reflective material and the multiple
glazfng effect are about compensated by the in-
creased heat losses during the day associated with
absorption in the darker layer.

i

i

I
I

~b~use the situation fs essentially 6ne-dirnen-
sional. One would expect to see a difference
betzeena mom that is relatively shallow in

Ithe north-south direction (as are the test rooms)
‘and a roan of the seine volume dnd having the same
!surfacearee and thermal load elongated in the
Inorth-south direction. Thus the data taken on

the direct-gain moms are not so universely ap-
plicable as data taken on the thermel storage

. ,Wall,mma .._.- . ..-. ._..- ._T__ _-,------ ------ ---

~ ---— --–

I J. D. Balconh
I Paper 14, Page 6.-— ~..—
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!Fig. 9. A test room with an air convective looD
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Fig. 10. Convective LooP. Data taken on the con-

vective loop test room are shown. This room has

not functioned especially well and we believe the

temperature swing in the room could be reduced by

making some design modifications. Changes which
should be considered are the following:

1. Provide a return air path fmmheat storage
to the collector inlet which does not pass
through the room.

‘te~t is shown schematically. Air rises up the ‘
‘collector surface which is exposed to the direct
‘sun, flows across the top of the room through a
,special duct, and down through the thermal stor-
age. The return air path is thmucjh the room
at floor level. Three hundred gallons of water
,are contained in ten 30 gallon drums on their
,sides. The air passage is blocked on alternate
sides of the drums causing the air to flow back
and forth across the drums as it flows from the
top tjward the bottom. A pair of dampers are
operated twice daily. Damper A, wht,,opened, t
allONs air to flow from the collector to the
thermal storage, but when closed, prevents
reverse circulation at night. Oamper B, when
,opened,allows air flow from thermal storage
~into the room. The dampers were operated on
toe same schedule as the E!eadwall;no attempt
was made to control the room temperature through
manipulation of Damper B. Peak temperatures
observed in the air stream exitinq the collector
on sunny days were observed to be 18L’. Minimum
and maximum temperatures on February 24 were
observed to be as follows for the ten water
!drums.

Minfmum Maximum

l—————

Temperature Temperature
Drum ‘F “F

I

107
81 .
66

2. Increase the efficiency of the collector by
providing increased heat trznsfer surfa~e
to the air. A mesh surface, such as has
been successfully used in many air collectors
should be considered.

-.3. ‘Provide more heat tran~fer surface-+cm the
air to the thermal storage. This could be
done by storing the water in smaller con-
tainers.

Fig. 11. Effect of styrofoam blockinq strivs in
the water wall rooms. Since LASL has only one test
room for each of the two sizes of water wall tubes,
it was not possible to obtain a direct side-by-side
comparison with and without the styrofoam blocks
between the tubes. The next best way to make a
comparison is to observe operation with the blocks
in place for a few days and then with the blocks
removed for an additional few days. Since the
weather is not precisely the same an interpretation
of the data may be somewhat confused. One way of
making a comparison is to use another test room as
a reference. Such a comparison is shotinin this
figure. Two nearly identical clear-flaysequwces
were observed on February 3 and 4 and subsequently
on Febru.iry24 and 25. Both sequences were during
essentially cloudless sunny days. A comparison of
ambient temperatures and cf the 19 in. water tube
‘room is shown in part (a). The 19 in. tubes had
;the styrofoam blocks in place during both sequences.
The weather conditions are almost the same and the
!response of the test room is the same within about

1304F” Part (b) of the figure shows the comparison
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LASL TEST ROOMS ~blacks are light in color and will reflect same :

12a sun out of the room that would othemise enter,
10’’WATERTUBE8 ithe room. Second, the blocks prevent air from

flowing from the room to the glass surface. This
“$ “ ,should have the effect of reducing heat losses at

# night but also increasing neat losses during the

80 ‘
day. In any case, it would agpear that the blocks

‘have an adverse effect on performance.
I
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ll(aj

12” WATER TUBES

In addition to the globe temperature measurements
which have been shown here, there are 5 to 10 addi-
tiona? measurements made in each test room in order
to better understand the perfmnance. There is
“not enoufthsoace in this oa~er to cwesent this in-
fonnatio~ but it has been-studied at LASL. We are
in the process of making detailed mathematical
models for each room in order to validate these
medals against the observed performance of the
roams.
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of the room with the 12 in. water tubes. During
February 3-4 the room was operated with the
spaces blocked. However during the second,
February 26 and 27 period, the blocks had been
renwed allowing the sun to shine through di-
rectly into the room. %me peaking of the
temperature at midday can be observed.

The temperatures for the second time period were
adjusted slightly by subtractingthe observed
temperature difference between the two test
periods measured in tile19 in. water wall room.
This should provide a first-order correction
to the data accounting for the slight differ-
ence between the weather during the two time
periods. In any case this adjustment is small
and is less than the observed difference with
andwlthout the blocks. The performance is

;2. Report and Comnwnication, March 8, 1978,
Suntek to S. W, Moore..:.- - —— .- — - — - — ..-— — - -- - -
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clearly better without the blocks than with
the blocks. There are tw factors which might
account for a difference. First, the styrofoam—--- —--- -—-- ---- ——-- ---- --- ---- ----’-! - 1
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